ABSTRACT: We recall that the totally inclusive rate for B 0 decays can yield information on CP violation.
it may be worth experimental consideration.
The point we would like to recall is the following: if the totally inclusive decay rate as a function of time of a B 0 (or a K 0 for that matter) deviates from the sum of two exponentials, then CP is violated. This follows from the fact that such a deviation is only possible if the two eigenstates of the mass matrix are not orthogonal, which is not possible if CP is conserved.
That is, let
be the wavefunction representing the state of the B system in terms of states of definite mass and lifetime "heavy" and "light", so that a H ,a L are pure exponentials in time. The square of ψ represents the number of undecayed B's and thus gives the total number of decays up to a certain time. Now with|H > and |L > normalized to one,
We thus see that deviations from the sum of two exponentials are only possible if the two states are not orthogonal. On the other hand if they are indeed nonorthogonal, then an oscillating factor at the frequency of the mass difference is to be expected. Note that these conclusions follow regardless of the initial values
. This means that in a set-up where we create the B 0 state via a "tag", these statements are generally true with any tag, although the exact nature of the effect may vary from case to case.
A particularly simple case experimentally is the two-B 0 state resulting from Υ(4S) → BB with no tag at all; that is we consider the total rate, including both B 0 's. At first it might be thought that there can be no effect, no oscillatory terms at all, since we produce equal amounts of both flavors and in the two dimensional B 0 space we begin with a density matrix ρ ∼ I. However, to follow the time development we must write this density matrix in terms of the possibly nonorthogonal states of definite lifetime:
Thus the total number of undecayed particles, given by the trace of ρ(t), contains in general an oscillatory term On the other hand, the observation of a substantial effect would be evidence not only of CP violation but also of physics beyond the KM framework conventionally used to incorporate CP violation in the standard model. I would like to thank V.Luth, A. Buras and H. Fritszch for a helpful conversation and V. Zakharov for his assistance in understanding these matters.
